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ELECTRICAL POWER SYSTEMS

(67)  Systemsand methods of wind power generation
in electrical power systems are described. According to
one aspect, a wind turbine system can include a down
tower portion (14) comprising a main transformer (190)
configured to transform medium voltage power to another
voltage power. The system also includes a tower portion
(12) comprising one or more medium voltage cables
(159) configured to transmit medium voltage power, and,
a nacelle portion (16). The nacelle portion (16) can in-
clude a generator (120) comprising a stator and a rotor,

SYSTEM AND METHOD FOR WIND POWER GENERATION AND TRANSMISSION IN

the stator connected to one or more medium voltage ca-
bles via a stator power path, a power converter (162)
coupled to the rotor of the generator (120), and, a step-up
transformer (192) coupled to the power converter (162)
and the one or more medium voltage cables (159). The
step-up transformer (192) can be configured to step-up
low voltage power received at the power converter (162)
from the rotor to medium voltage power for transmission
via the one or more medium voltage cables (159).
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Description
FIELD
[0001] The present disclosure relates generally to

electrical power systems, and more particular to wind
turbine electrical power systems.

BACKGROUND

[0002] Wind power is considered one of the cleanest,
most environmentally friendly energy sources presently
available, and wind turbines have gained increased at-
tention in this regard. A modern wind turbine typically
includes a tower, generator, gearbox, nacelle, and one
or more rotor blades. The rotor blades capture kinetic
energy of wind using known airfoil principles. For exam-
ple, rotor blades typically have the cross-sectional profile
of an airfoil such that, during operation, air flows over the
blade producing a pressure difference between the sides.
Consequently, a lift force, which is directed from a pres-
sure side towards a suction side, acts on the blade. The
lift force generates torque on the main rotor shaft, which
is geared to a generator for producing electricity.
[0003] During operation, wind impacts the rotor blades
of the wind turbine and the blades transform wind energy
into a mechanical rotational torque that rotatably drives
a low-speed shaft. The low-speed shaft is configured to
drive the gearbox that subsequently steps up the low
rotational speed of the low-speed shaft to drive a high-
speed shaft at an increased rotational speed. The high-
speed shaft is generally rotatably coupled to a generator
so as to rotatably drive a generator rotor. As such, a ro-
tating magnetic field may be induced by the generator
rotor and a voltage may be induced within a generator
stator that is magnetically coupled to the generator rotor.
In certain configurations, the associated electrical power
can be transmitted to a turbine transformer that is typically
connected to a power grid via a grid breaker. Thus, the
turbine transformer steps up the voltage amplitude of the
electrical power such that the transformed electrical pow-
er may be further transmitted to the power grid.

[0004] In many wind turbines, the generator rotor may
be electrically coupled to a bi-directional power converter
that includes a rotor side converter joined to a line side
converter via a regulated DC link. More specifically, some
wind turbines, such as wind-driven doubly-fed induction
generator (DFIG) systems or full power conversion sys-
tems, may include a power converter with an AC-DC-AC
topology.

[0005] In such systems, the generator stator is sepa-
rately connected to the power grid via a main transformer
arranged up tower, or within the nacelle. However, main
transformers in such systems can be large, bulky, and
heavy. Due to these attributes, structural design of towers
must take into consideration the additional weight of the
main transformers, as well as costs. Furthermore, if the
main transformer is situated in a nacelle portion of the
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wind turbine, additional consideration must be taken to
ensure the nacelle can rotate effectively with such addi-
tional weight.

BRIEF DESCRIPTION

[0006] Aspects and advantages of the invention will be
set forth in part in the following description, or may be
obvious from the description, or may be learned through
practice of the invention.

[0007] According to one aspect, a wind turbine system
can include a down tower portion having a main trans-
former configured to transform medium voltage power to
another voltage power, a tower portion having one or
more medium voltage cables configured to transmit me-
dium voltage power, and, a nacelle portion. The nacelle
portion can include a generator comprising a stator and
a rotor. The stator may be connected to one or more
medium voltage cables via a stator power path. The na-
celle portion also includes a power converter coupled to
the rotor of the generator, and, a step-up transformer
coupled to the power converter and the one or more me-
dium voltage cables. The step-up transformer can be
configured to step-up low voltage power received at the
power converter from the rotor to medium voltage power
for transmission via the one or more medium voltage ca-
bles.

[0008] According to an additional aspect, a method for
distributing power in a wind turbine power system can
include generating low voltage power at a rotor of a wind
turbine generator and generating medium voltage power
at a stator of the wind turbine generator. The method can
also include converting, with a power converter, the low
voltage power to an output low voltage AC power. Fur-
thermore, the method can also include converting, with
a step-up transformer, the low voltage power from the
power converter to medium voltage power. Finally, the
method can include transmitting, the medium voltage
power, down a tower of the wind turbine generator via
one or more medium voltage cables.

[0009] According to yet another aspect, a wind turbine
electrical power system can include a central transformer
configured to transform medium voltage power to high
voltage power, and, a plurality of wind turbines in oper-
ative communication with the central transformer. Each
wind turbine of the plurality of wind turbines can include
a tower portion having one or more medium voltage ca-
bles configured to transmit medium voltage power, and,
a nacelle portion having a generator. The generator can
include a stator and a rotor, with the stator connected to
one or more medium voltage cables via a stator power
path. The nacelle portion can also include a power con-
verter coupled to the rotor of the generator, and, a step-
up transformer coupled to the power converter and the
one or more medium voltage cables. The step-up trans-
former can be configured to step-up low voltage power
received at the power converter from the rotor to medium
voltage power for transmission via the one or more me-
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dium voltage cables.

[0010] These and other features, aspects and advan-
tages of the present invention will become better under-
stood with reference to the following description and ap-
pended claims. The accompanying drawings, which are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A full and enabling disclosure of the present in-
vention, including the best mode thereof, directed to one
of ordinary skill in the art, is set forth in the specification,
which makes reference to the appended figures, in which:

FIG. 1is a perspective view of a wind turbine accord-
ing to the present disclosure;

FIG. 2 illustrates a wind driven doubly-fed induction
generator (DFIG) system, according to one embod-
iment of the present disclosure;

FIG. 3 illustrates a more detailed schematic of the
DFIG system of FIG. 2;

FIG. 4 illustrates a block diagram of one embodiment
of a control system suitable for use with the DFIG
system shown in FIG. 3;

FIG. 5illustrates a flow diagram of one embodiment
of a method for controlling an uninterruptible power
supply of an electrical power system according to
the present disclosure; and,

FIG. 6 illustrates an example electrical power sys-
tem, according to one embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0012] Reference now will be made in detail to embod-
iments of the invention, one or more examples of which
are illustrated in the drawings. Each example is provided
by way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those skilled
in the art that various modifications and variations can
be made in the present invention without departing from
the scope or spirit of the invention. For instance, features
illustrated or described as part of one embodiment can
be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the presentinven-
tion covers such modifications and variations as come
within the scope of the appended claims and their equiv-
alents.

[0013] Example aspects of the present disclosure are
directed to systems and methods for transmitting power
in wind turbine systems. More specifically, example as-
pects ofthe presentdisclosure provide a system for trans-
mitting power through a wind turbine tower that leads to
reduced weight and complexity of tower design. For ex-
ample, the power transmission may be provided through
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medium voltage lines of reduced weight as compared to
large and bulky low voltage buses. Furthermore, bulky
transformers may be absent from nacelles of the wind
turbines, further reducing complexity in tower design.
[0014] In particular embodiments, wind turbine sys-
tems may include a step-up transformer to transform low
voltage power to medium voltage power for transmission
through a tower portion of the wind turbine system. Ad-
ditionally, large, bulky main transformers are situated ei-
ther in a down tower portion, or in a centralized location
remote to the wind turbine, to further reduce weight with
a negligible increase in power transmission losses. Fur-
ther, the system and associated methods may be applied
to any electrical power system, including but not limiting
to wind conversion systems, solar conversions systems,
energy storage systems, and combinations thereof.
[0015] Accordingly, the present disclosure has many
technical effects and advantages. For example, the sys-
tem and method of the present disclosure provides a
higher system reliability (e.g. lower weight in nacelle ro-
tation, etc.) as well as lower system cost (e.g. lower
weight of components, lower cost of components, lower
design costs, and/or lower maintenance costs).

[0016] Referring now to the drawings, FIG. 1 illustrates
a perspective view of one embodiment of a wind turbine
10. As shown, the wind turbine 10 includes a tower por-
tion 12 extending from a down tower portion 14, anacelle
portion 16 mounted on the tower 12, and a rotor 18 cou-
pled to the nacelle portion 16. The rotor 18 includes a
rotatable hub 20 and at least one rotor blade 22 coupled
to and extending outwardly from the hub 20. Forexample,
in the illustrated embodiment, the rotor 18 includes three
rotor blades 22. However, in an alternative embodiment,
the rotor 18 may include more or fewer than three rotor
blades 22. Each rotor blade 22 may be spaced about the
hub 20 to facilitate rotating the rotor 18 to enable kinetic
energy to be transferred from the wind into usable me-
chanical energy and, subsequently, electrical energy.
For instance, the hub 20 may be rotatably coupled to an
electric generator 120 of FIG. 2 positioned within the na-
celle portion 16 to permit electrical energy to be pro-
duced. The wind turbine 10 may further include a turbine
controller 174 utilized to control yaw adjustment of the
wind turbine 10, pitch adjustment of the rotor blades 22,
and/or torque adjustment of the generator 120 of FIG. 2.
[0017] FIG. 2 illustrates a wind driven doubly-fed in-
duction generator (DFIG) system 100, according to one
embodiment of the present disclosure. Example aspects
of the present disclosure are discussed with reference
to the DFIG wind turbine system 100 of FIG. 2 and wind
turbine 10 of FIG. 1 for purposes of illustration and dis-
cussion. Those of ordinary skill in the art, using the dis-
closures provided herein, should understand that exam-
ple aspects of the present disclosure are also applicable
in other power systems, such as a wind, solar, gas tur-
bine, or other suitable power generation systems.
[0018] As illustrated, the DFIG system 100 comprises
the generator 120 arranged within the nacelle portion 16.
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In accordance with aspects of the present disclosure, the
generator 120 may be any suitable generator, including
for example, a doubly fed induction generator (DFIG).
The generator 120 is typically coupled to a stator bus 154
and a power converter 162 via a rotor bus 156. The stator
bus 154 provides an output multiphase power (e.g. three-
phase power) from a stator of the generator 120 and the
rotor bus 156 provides an output multiphase power (e.g.
three-phase power) of a rotor of the generator 120.
[0019] The stator bus 154 may be coupled to a synch
switch 155. The synch switch 155 may switch the stator
bus 154 and provide the three-phase power from the sta-
tor to a main transformer 190 over one or more medium
voltage cables 159. The rotor bus 156 may be coupled
to the power converter 162. Generally, the output of the
power converter 162 may be a low voltage power. Ac-
cordingly, the low voltage power output may be fed to
step-up transformer 192 to be stepped up to medium
voltage power to be transmitted over the one or more
medium voltage cables 159.

[0020] It is noted that according to one embodiment,
the step-up transformer 192 may be embodied as a cast
resin transformer with integrated cooling. However, a lig-
uid-to-air heat exchanger 195 and liquid path 196 may
also be integrated within the nacelle portion 16. In such
an example, the liquid path 196 can be configured to cool
at least one of the generator 120, the power converter
162, and the step-up transformer 192.

[0021] As shown, the synch switch 155, power con-
verter 162, and step-up transformer 192 are arranged
within the nacelle portion 16. Furthermore, the medium
voltage cables 159 are arranged to extend from the na-
celle portion 16, through the tower portion 12, and into
the down tower portion 14. According to at least one em-
bodiment, as the nacelle portion 16 turns about an axis
defined by the tower portion 12, the medium voltage ca-
bles 159 may twist and turn to accommodate rotation of
the nacelle portion 16.

[0022] Asnoted above, low voltage power is generated
attherotorbus 156 and converted by the power converter
162, while medium voltage power is provided at the stator
bus 154. As used herein, low voltage power refers to
power having a voltage of less than about 1 kilovolt. Ad-
ditionally, as used herein, medium voltage power refers
to power between about 1 to 13.8 kilovolts of voltage.
Finally, as used herein, high voltage power refers to pow-
er having more than about 33 kilovolts of voltage.
[0023] Upon receipt of medium voltage power via the
one or more medium voltage cables 159, the main trans-
former 190 may step-up and transform the medium volt-
age power to high voltage power, or another voltage pow-
er, for transmission on a power grid.

[0024] FIG. 3illustrates a more detailed schematic of
the wind driven DFIG system 100 according to one em-
bodiment of the present disclosure. In the system 100, a
rotor 106 includes a plurality of rotor blades 108 coupled
to a rotatable hub 110. The rotatable hub 110 is coupled
to an optional gearbox 118, which is, in turn, coupled to
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a generator 120 having a rotor 122 and a stator 124. As
described above, the generator 120 is typically coupled
to a stator bus 154 and a power converter 162 via a rotor
bus 156. The stator bus 154 provides an output mul-
tiphase power from a stator of the generator 120 and the
rotor bus 156 provides an output multiphase power of a
rotor of the generator 120.

[0025] The power converter 162 includes a rotor-side
converter 166 coupled to a line-side converter 168. The
DFIG 120 is coupled to the rotor-side converter 166 via
the rotor bus 156. The line-side converter 168 is coupled
to a line-side bus 188. Further, as shown, the stator bus
154 may be directly connected to the line-side bus 188.
In example configurations, the rotor-side converter 166
and the line-side converter 168 are configured for normal
operating mode in a three-phase, PWM arrangement us-
ing insulated gate bipolar transistor (IGBT) switching de-
vices. The rotor-side converter 166 and the line-side con-
verter 168 can be coupled via a DC link 136 across which
is the DC link capacitor 138. As shown, the stator bus
154 and the power converter 162 (e.g., via the step-up
transformer 192) may be connected to windings of the
main transformer 190, i.e. at the junction of the generator
breaker 158 and the step-up transformer 192.

[0026] The power converter 162 can be coupled to the
control system 174 to control the operation of the rotor-
side converter 166 and the line-side converter 168 and
other aspects of the power system 100. For example, as
shown particularly in FIG. 4, the control system 174 can
include any number of control devices. In one implemen-
tation, for example, the control system 174 can include
one or more processor(s) 176 and associated memory
device(s) 178 configured to perform a variety of compu-
ter-implemented functions and/or instructions (e.g., per-
forming the methods, steps, calculations and the like and
storing relevant data as disclosed herein). The instruc-
tions when executed by the processor 176 can cause the
processor 176 to perform operations, including providing
control commands (e.g. pulse width modulation com-
mands) to the switching devices of the power converter
162 and other aspects of the power system 100. Addi-
tionally, the control system 174 may also include a com-
munications module 180 to facilitate communications be-
tween the control system 174 and the various compo-
nents of the power system 100, e.g. any of the compo-
nents of FIG. 1, FIG. 2, and FIG. 3. Further, the commu-
nications module 180 may include a sensor interface 182
(e.g., one or more analog-to-digital converters) to permit
signals transmitted from one or more sensors to be con-
verted into signals that can be understood and processed
by the processors 176. It should be appreciated that the
sensors may be communicatively coupled to the com-
munications module 180 using any suitable means. For
example, the sensors can be coupled to the sensor in-
terface 182 via a wired connection. However, in other
embodiments, the sensors may be coupled to the sensor
interface 182 via a wireless connection, such as by using
any suitable wireless communications protocol known in
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the art. As such, the processor 176 may be configured
to receive one or more signals from the sensors.
[0027] As used herein, the term "processor" refers not
only to integrated circuits referred to in the art as being
included in a computer, but also refers to a controller, a
microcontroller, a microcomputer, a programmable logic
controller (PLC), an application specificintegrated circuit,
and other programmable circuits. The processor 176 is
also configured to compute advanced control algorithms
and communicate to a variety of Ethernet or serial-based
protocols (Modbus, OPC, CAN, etc.). Additionally, the
memory device(s) 178 may generally comprise memory
element(s) including, but not limited to, computer read-
able medium (e.g., random access memory (RAM)),
computer readable non-volatile medium (e.g., a flash
memory), a floppy disk, a compact disc-read only mem-
ory (CD-ROM), a magnetooptical disk (MOD), a digital
versatile disc (DVD) and/or other suitable memory ele-
ments. Such memory device(s) 178 may generally be
configured to store suitable computer-readable instruc-
tions that, when implemented by the processor(s) 176,
configure the control system 174 to perform the various
functions as described herein.

[0028] Turning back to FIG. 3, during operation, alter-
nating current power generated at the DFIG 120 by ro-
tation of the rotor 106 is provided via a dual path to an
electrical grid 160. The dual paths are defined by a gen-
erator power path 130 and a converter power path 132.
On the converter power path 132, sinusoidal multi-phase
(e.g. three-phase) alternating current (AC) power is pro-
vided to the power converter 162 via the rotor bus 156.
[0029] The rotor-side power converter 166 converts
the AC power provided from the rotor bus 156 into direct
current (DC) power and provides the DC power to the
DC link 136. Switching devices (e.g. IGBTs) used in
bridge circuits of the rotor side power converter 166 can
be modulated to convert the AC power provided from the
rotor bus 156 into DC power suitable for the DC link 136.
[0030] The line-side converter 168 converts the DC
power on the DC link 136 into AC output power of low
voltage (e.g., less than about 1 kilovolt). In particular,
switching devices (e.g. IGBTs) used in bridge circuits of
the line-side power converter 168 can be modulated to
convert the DC power on the DC link 136 into AC power
on the line-side bus 188. The low voltage AC power from
the power converter 162 can be stepped up to medium
voltage power by the step-up transformer 192 and trans-
mitted via the one or more medium voltage cables 159.
[0031] Various circuit breakers and switches, such as
a generator breaker 158 and converter breaker 186, can
be included in the system 100 to connect or disconnect
corresponding buses, for example, when current flow is
excessive and can damage components of the wind tur-
bine system 100 or for other operational considerations.
Additional protection components can also be included
in the wind turbine system 100.

[0032] The power converter 162 can receive control
signals from, for instance, the control system 174. The
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control signals can be based, among other things, on
sensed conditions or operating characteristics of the wind
turbine system 100. Typically, the control signals provide
for control of the operation of the power converter 162.
For example, feedback in the form of sensed speed of
the DFIG 120 can be used to control the conversion of
the output power from the rotor bus 156 to maintain a
proper and balanced multi-phase (e.g. three-phase)
power supply. Other feedback from other sensors can
also be used by the control system 174 to control the
power converter 162, including, for example, stator and
rotor bus voltages and current feedbacks. Using the var-
ious forms of feedback information, switching control sig-
nals (e.g. gate timing commands for IGBTSs), stator syn-
chronizing control signals, and circuitbreaker signals can
be generated.

[0033] FIG. 5illustrates a flow diagram of one embod-
iment of a method 500 for distributing power in a wind
turbine power system. The method 500 can include gen-
erating low voltage power at a rotor 122 of a wind turbine
generator 120, at block 502. Generally, the low voltage
power is less than about 1 kilovolt.

[0034] The method 500 can also include generating
medium voltage power at a stator 124 of the wind turbine
generator 120, at block 504. Generally, the medium volt-
age power is between about 1 and 13.8 kilovolts.
[0035] The method 500 can also include converting,
with power converter 162, the low voltage power to an
output low voltage AC power, at block 506. For example,
the DC link 136 created in the power converter may be
used to power the controller 174 and other aspects of
the wind turbine, including rotation of the nacelle portion
16, pitch of associated blades, and other similar aspects.
[0036] The method 500 further includes converting,
with step-up transformer 192, the low voltage power from
the power converter 162 to medium voltage power, at
block 508. For example, the step-up transformer 192 (al-
so referred to as a line transformer), can step-up the volt-
age from under 1 kilovolts to between about 1 and 13.8
kilovolts.

[0037] The method 500 also includes transmitting, the
medium voltage power, down a tower 12 of the wind tur-
bine generator via one or more medium voltage cables
159, atblock 510. The transmitted medium voltage power
includes combined medium voltage power from both the
stator 124 and the stepped up voltage from the step-up
transformer 192.

[0038] As described above, a line transformer may be
use to step-up low voltage from a power converter to
medium voltage for transmission through a tower portion
of a wind turbine system. However, although described
as having a main transformer arranged within a down
tower or base portion of a wind turbine system, the same
may be varied in many ways. For example and referring
now to FIG. 6, a wind turbine electrical power system 600
is illustrated.

[0039] The system 600 can include a main or central
transformer 690 configured to transform medium voltage
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power to high voltage power for an electrical grid. The
system 600 can also include a plurality of wind turbines
610, 611, 612 in operative communication with the cen-
tral transformer 690 over one or more medium voltage
cables 615. Each wind turbine of the plurality of wind
turbines 610, 611, 612 may be substantially similar to the
individual wind turbine 10 and include a wind turbine
DFIG system 100 arranged therein.

[0040] Accordingly, each of the wind turbines 610,611,
612 can include a tower portion having one or more me-
dium voltage cables 615 configured to transmit medium
voltage power, and, a nacelle portion having a generator.
The generator can include a stator and a rotor, with the
stator connected to one or more medium voltage cables
via a stator power path. The nacelle portion can also in-
clude a power converter coupled to the rotor of the gen-
erator, and, a step-up transformer coupled to the power
converter and the one or more medium voltage cables.
The step-up transformer can be configured to step-up
low voltage power received at the power converter from
the rotor to medium voltage power for transmission via
the one or more medium voltage cables 615.

[0041] Example embodiments of a wind turbine, a con-
trol system for a wind turbine, and methods of controlling
a wind turbine are described above in detail. The meth-
ods, wind turbine, and control system are not limited to
the specific embodiments described herein, but rather,
components of the wind turbine and/or the control system
and/or steps of the methods may be utilized independ-
ently and separately from other components and/or steps
described herein. For example, the control system and
methods may also be used in combination with other wind
turbine power systems and methods, and are not limited
to practice with only the power system as described here-
in. Rather, the exemplary embodiment can be imple-
mented and utilized in connection with many other wind
turbine or power system applications, such as solar pow-
er systems and energy storage systems.

[0042] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the invention, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing.

[0043] The presentinvention is now summarized inthe
following numbered clauses. Notably, where a method
or a method step is described, the respective method or
method step is preferably done by the controller. The
present invention is directed to:

1. A wind turbine system, comprising:

a down tower portion, the down tower portion
comprising a main transformer configured to
transform medium voltage power to another
voltage power;

a tower portion, the tower portion comprising
one or more medium voltage cables configured
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to transmit medium voltage power; and,
anacelle portion, the nacelle portion comprising:

a generator comprising a stator and a rotor,
the stator connected to one or more medium
voltage cables via a stator power path;

a power converter coupled to the rotor of
the generator; and,

a step-up transformer coupled to the power
converter and the one or more medium volt-
age cables, the step-up transformer config-
ured to step-up low voltage power received
at the power converter from the rotor to me-
dium voltage power for transmission via the
one or more medium voltage cables.

2. The wind turbine system of clause 1, wherein the
step-up transformer is a cast resin transformer with
integrated cooling.

3. The wind turbine system of clause 1 or 2, wherein
the nacelle further comprises a liquid-to-air heat ex-
changer and liquid path, wherein the liquid path is
configured to cool at least one of the generator, the
power converter, the step-up transformer, and a
gearbox or drivetrain.

4. The wind turbine system of any of the preceding
clauses, wherein the step-up transformer is config-
ured to step-up low voltage received at the power
converter to between about 1 and 13.8 kilovolts.

5. The wind turbine system of any of the preceding
clauses, wherein the nacelle further comprises:

a control system comprising one or more control de-
vices, the one or more control devices configured to
operate the power converter.

6. The wind turbine system of any of the preceding
clauses, wherein the power converter comprises:

a line-side converter coupled to the set of me-
dium voltage cables via a converter power path;
and,

a rotor-side converter coupled to a rotor bus of
the rotor and the line-side converterviaa DC link

7. The wind turbine system of any of the preceding
clauses, wherein the nacelle is configured to rotate
about an axis defined by the tower portion, and,
wherein the nacelle is configured to twist the set of
medium voltage cables during rotation.

8. The wind turbine system of any of the preceding
clauses, wherein the main transformer is configured
to transform voltage received from the set of medium
voltage cables to high voltage.
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9. The wind turbine system of clause 8, wherein the
high voltage is about 33 kilovolts.

10. The wind turbine system of any of the preceding
clauses, wherein medium voltage is between about
1 to 13.8 kilovolts and high voltage is about 33 kilo-
volts.

11. A method for distributing power in a wind turbine
power system, comprising:

generating low voltage power at a rotor of awind
turbine generator;

generating medium voltage power at a stator of
the wind turbine generator;

converting, with a power converter in a nacelle
portion of the wind turbine power system, the
low voltage power to an output low voltage AC
power;

converting, with a step-up transformer in the na-
celle portion of the wind turbine power system,
the output low voltage AC power from the power
converter to medium voltage power; and,
transmitting, the medium voltage power, down
a tower of the wind turbine power system via
one or more medium voltage cables.

12. The method of clause 11, wherein the step-up
transformer is a cast resin transformer with integrat-
ed cooling.

13. The method of clause 11 or 12, wherein the step-
up transformer is configured to step-up low voltage
received at the power converter to between about 6
and 12 kilovolts.

14. The method of any of clauses 11 to 13, wherein
medium voltage is between about 1 to 13.8 kilovolts
and high voltage is about 33 kilovolts.

15. Awind turbine electrical power system, compris-
ing:

a central transformer configured to transform
medium voltage power to another voltage pow-
er; and,

a plurality of wind turbines in operative commu-
nication with the central transformer, each wind
turbine of the plurality of wind turbines compris-

ing:

a tower portion, the tower portion compris-
ing one or more medium voltage cables con-
figured to transmit medium voltage power;
and,

a nacelle portion, the nacelle portion com-
prising:
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a generator comprising a stator and a
rotor, the stator connected to one or
more medium voltage cables via a sta-
tor power path;

a power converter coupled to the rotor
of the generator; and,

a step-up transformer coupled to the
power converter and the one or more
medium voltage cables, the step-up
transformer configured to step-up low
voltage power received at the power
converter from the rotor to medium volt-
age power for transmission via the one
or more medium voltage cables.

16. The wind turbine electrical power system of
clause 15, wherein each step-up transformer is a
cast resin transformer with integrated cooling.

17. The wind turbine electrical power system of
clause 15 or 16, wherein each nacelle further com-
prises a liquid-to-air heat exchanger and liquid path,
wherein the liquid path is configured to cool at least
one of the generator, the power converter, the step-
up transformer, and a gearbox or drivetrain.

18. The wind turbine electrical power system of any
of clauses 15to0 17, wherein each step-up transform-
er is configured to step-up low voltage received at
the power converter to between about 1 and 13.8
kilovolts.

19. The wind turbine electrical power system of any
of clauses 15 to 18, wherein the central transformer
is configured to transform voltage received from the
one or more medium voltage cables of each wind
turbine to about 33 kilovolts.

20. The wind turbine electrical power system of any
of clauses 15 to 19, wherein medium voltage is be-
tween about 1 to 13.8 kilovolts and high voltage is
about 33 kilovolts.

Claims

A wind turbine system (100), comprising:

a down tower portion (14), the down tower por-
tion (14) comprising a main transformer (190)
configured to transform medium voltage power
to another voltage power;

a tower portion (12), the tower portion (12) com-
prising one or more medium voltage cables
(159) configured to transmit medium voltage
power; and,

a nacelle portion (16), the nacelle portion (16)
comprising:



13 EP 3 651 350 A1 14

a generator (120) comprising a stator and
arotor, the stator connected to one or more
medium voltage cables via a stator power
path;

apower converter (162) coupled to the rotor
of the generator (120); and,

a step-up transformer (192) coupled to the
power converter (162) and the one or more
medium voltage cables (159), the step-up
transformer (192) configured to step-up low
voltage power received at the power con-
verter (162) from the rotor to medium volt-
age power for transmission via the one or
more medium voltage cables (159).

The wind turbine system of claim 1, wherein the step-
up transformer is a cast resin transformer with inte-
grated cooling.

The wind turbine system of any of the preceding
claims, wherein the nacelle further comprises a lig-
uid-to-air heat exchanger and liquid path, wherein
the liquid path is configured to cool at least one of
the generator, the power converter, the step-up
transformer, and a gearbox or drivetrain.

The wind turbine system of any of the preceding
claims, wherein the step-up transformer is config-
ured to step-up low voltage received at the power
converter to between about 1 and 13.8 kilovolts.

The wind turbine system of any of the preceding
claims, wherein the nacelle further comprises:

a control system comprising one or more control de-
vices, the one or more control devices configured to
operate the power converter.

The wind turbine system of any of the preceding
claims, wherein the power converter comprises:

a line-side converter coupled to the set of me-
dium voltage cables via a converter power path;
and,

a rotor-side converter coupled to a rotor bus of
the rotor and the line-side converter viaa DC link

The wind turbine system of any of the preceding
claims, wherein the nacelle is configured to rotate
about an axis defined by the tower portion, and,
wherein the nacelle is configured to twist the set of
medium voltage cables during rotation.

The wind turbine system of any of the preceding
claims, wherein the main transformer is configured
to transform voltage received from the set of medium
voltage cables to high voltage.

The wind turbine system of any of the preceding
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10.

1.

12.

13.

14.

15.

claims, wherein the high voltage is about 33 kilovolts.

The wind turbine system of any of the preceding
claims, wherein medium voltage is between about 1
to 13.8 kilovolts and high voltage is about 33 kilovolts.

A method (500) for distributing power in a wind tur-
bine power system, comprising:

generating (502) low voltage power at a rotor of
a wind turbine generator (120);

generating (504) medium voltage power at a sta-
tor of the wind turbine generator (120);
converting (506), with a power converter (162)
inanacelle portion (16) of the wind turbine power
system, the low voltage power to an output low
voltage AC power;

converting (508), with a step-up transformer
(192) in the nacelle portion (16) of the wind tur-
bine power system, the output low voltage AC
power from the power converter to medium volt-
age power; and,

transmitting (510), the medium voltage power,
down a tower (12) of the wind turbine power sys-
tem via one or more medium voltage cables
(159).

The method of claim 11, wherein the step-up trans-
former is a cast resin transformer with integrated
cooling.

The method of any of the claims 11 or 12, wherein
the step-up transformer is configured to step-up low
voltage received at the power converter to between
about 6 and 12 kilovolts.

The method of any of the claims 11 to 13, wherein
medium voltage is between about 1 to 13.8 kilovolts
and high voltage is about 33 kilovolts.

A wind turbine electrical power system (600), com-
prising:

a central transformer (690) configured to trans-
form medium voltage power to another voltage
power; and,

a plurality of wind turbines (610, 611, 612) in
operative communication with the central trans-
former (690), each wind turbine of the plurality
of wind turbines comprising:

a tower portion (12), the tower portion com-
prising one or more medium voltage cables
(159) configured to transmit medium volt-
age power; and,

a nacelle portion (16), the nacelle portion
comprising:
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a generator (120) comprising a stator
and a rotor, the stator connected to one
or more medium voltage cables (159)
via a stator power path;

a power converter (162) coupled to the
rotor of the generator; and,

a step-up transformer (192) coupled to
the power converter (162) and the one
or more medium voltage cables (159),
the step-up transformer configured to
step-up low voltage power received at
the power converter from the rotor to
medium voltage power for transmission
via the one or more medium voltage ca-
bles.
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